INTRODUCTION
Millions of used consumer electronic items become obsolete each year, yet only a fraction is properly recycled (EPA, 2005) . According to a 2005 GAO study, two reasons explain low recycling rates: consumers have few recycling options and they face substantial end-of-life fees.
To boost electronic waste (e-waste) recycling, two policies are often proposed: extended producer responsibility (EPR) and advanced recycling fees (ARFs). The European Union, through its WEEE directive ( /96/EC, 2003 , chose the first approach. It transfers the burden of recycling to manufacturers by requiring them to take back and recycle waste electrical and electronic equipment. Over the long run, EPR may steer firms towards changing the design of their products to make them more environmentally friendly and easier to recycle. By contrast, there is no uniform e-waste policy in the U.S., and a number of states have proposed ARFs to defray recycling costs. Advanced recycling fees are front-end financing systems that charge consumers a fee at the point of sale which is then used to finance e-waste recovery and recycling programs.
1 In California, for example, the Electronic Waste Recycling Act of 2003 (the first such law in the U.S.) mandates ARFs ranging from $6-10 on new retail purchases of computer monitors and televisions. Little is known, however, about consumer willingness to pay for ewaste recycling programs. This paper starts filling this gap by studying the willingness to pay an ARF for consumer electronics by California households.
1 ARFs offer a number of benefits: they increase recovery rates (there is no end-of-life fee); signal consumers about the potential environmental impacts of e-waste; and provide funds for developing the recycling infrastructure and for dealing with orphan waste. However, their initial set-up and ongoing administration costs may be high; funds collected may not be used for recycling; consumers may purchase electronics in one state and recycle in another (a risk if ARFs are established in a piecemeal, state-by-state fashion); and it may be politically difficult to set the fee high enough to also deal with the huge stockpile of e-waste. In addition, unlike EPR, an AFR may not stimulate innovation to make electronics environmentally friendly and easier to recycle.
3 considerable development. 2 Nationwide, the electronics recycling industry is rapidly growing, but its continued progress also depends on the development of cost-effective government and manufacturers' programs (IAER, 2006) .
One key to new recycling infrastructure is financing. Indeed, a 2002 survey of local governments in California rated financing as their highest priority for e-waste recycling, and one option they strongly supported was advanced recycling fees (CIWMB, 2004) . Prior to January 2005, most recycling programs in California imposed end-of-life fees on electronics. Survey respondents, however, voiced a strong concern regarding these fees and increased illegal dumping, particularly in rural communities. As the costs of legal disposal increase through, for example, end-of-life fees, research indicates that the frequency of illegal dumping also increases (Sigman, 1998) . Policies such as ARFs should reduce this activity since the end-of-life management costs have been paid for up-front (Palmer, Sigman, & Walls, 1997) .
In California, advanced recycling fees are now imposed on retail sales of televisions and monitors. Fees vary from $6-10 depending on screen size and are added to the retail invoice upon purchase. Retailers remit fees (up to 3% can be retained for costs associated with collecting the fee) to the State Board of Equalization (BOE). In order for authorized e-waste recyclers and collectors to be reimbursed for their costs by the BOE, recycling must be available at no cost to California residents, it must take place in California, recycled items must be from in-state sources, and they must be sufficiently dismantled so consumers can no longer use them.
The current reimbursement rate is $0.48/lb, of which $0.20/lb is designed to cover collection costs (this amount is negotiable between recycler and collector); the rest is for recycling costs.
During the first year of the program, 65 million tons of televisions and monitors were recycled in 4 the state (CIWMB, 2006) . By contrast, the EPA estimates that in 2003, only 290,000 tons of consumer electronics were recycled nationwide (EPA, 2005) .
Preliminary results from Europe regarding the success of the WEEE Directive have been somewhat mixed (Huisman, et al., 2006; Savage, 2006) . For countries without pre-existing ewaste recycling programs, it has been much more difficult to develop both the legal and operational infrastructures. Some countries, such as Sweden and Norway are collecting more than twice the WEEE Directive required e-waste per capita (>8kg/capita compared to the required 4kg/capita), but other systems (e.g. the ICT Milieu program in the Netherlands) have been less successful (Savage, 2006) . Interestingly, member states with take-back programs that use an ARF or other direct "Compliance Costs" have developed their recycling infrastructure at a much faster pace and are able to realize greater economies of scale (Huisman et al., 2006) . Unfortunately, the WEEE Directive allowed member states to develop their own national legislation. This has led to a patchwork of programs and higher costs, particularly for collection, which is a major expense for e-waste recycling (Huisman et al., 2006) .
Designing effective policies to address e-waste recycling requires understanding the consumers' willingness to pay for those policies. In California, for example, there are concerns that the state's ARF is considerably lower than the current actual cost to recycle the covered items (approximately $15 to $20 per item). 4 In that context, our paper makes two contributions to the existing literature. First, although a few papers study the financing of recycling programs, we found no published academic paper on financing e-waste recycling. We find that most people are willing to pay at least a 1% ARF but few are willing to pay a 5% ARF. In addition, statistically significant predictors of willingness to pay an ARF include:
age; education; income; proximity to existing recycling centers; whether an individual lives in a rural or suburban/urban community; ideological position regarding the role of government and business in protecting the environment; and attitude toward the environment as well as involvement with environmental activities.
Our results suggest that: 1) middle-aged and older adults will require more encouragement in order to support ARFs; 2) initially, collected funds should be use to improve recycling programs in communities with an existing recycling facility and in rural communities (where support for ARFs appears higher); and 3) since ideological positions regarding the role of government and business in protecting the environment are important, public-private partnership to administer e-waste recycling programs should be considered.
This paper is organized as follows. In the next section, we briefly review selected papers from the economics and environmental psychology literatures that are relevant to our project, in addition to a few existing studies on financing recycling. In Section 3, we present information about our survey and the data we collected. This is followed by a summary of our modeling methodology and a discussion of our results. Finally, we present our conclusions and make some policy recommendations. For economists, PEB represents an individual's attempt to provide a public good that would otherwise be under-provided due to market failure. The underlying reason is the public good nature of recycling: it benefits society at large through improved environmental quality but only recyclers bear its cost. 5 Olson's (1965) seminal contribution on the voluntary provision of public goods (here environmental quality) was followed by a number of important papers including (but not limited to) McGuire (1974) , Young (1982) , Warr (1983), or Cornes and Sandler (1984) .
Economic theory suggests that individuals have a strong temptation to "free-ride," yet several empirical studies suggest that this problem may not as severe as predicted (e.g., see Bohm, 1972; Sweeney, 1973; or Smith, 1979) . For Kim and Walker (1984) , however, studies that find little supporting evidence for free-riding usually suffer from one or more invalidating factors (for example, lack of anonymity within the group, small group size, or not a "pure" public good). Others, on the other hand, suggest that the discrepancy between theory and 7 empirical observations is due to altruistic motivations not captured by current economic theory (Andreoni, 1990) .
The relationship between internal variables and PEB has been extensively studied by psychologists (see Fransson and Garling, 1999 , for a review of this literature). The theory of planned behavior (TPB) has been postulated as a possible explanation for PEB (Ajzen, 1985; . TPB suggests that intentions to perform a behavior can be accurately predicted from individual attitudes toward this behavior and from subjective norms. Chan (1998) applies this theory to the specific case of recycling in Hong Kong. According to Schwartz's norm-activation model (1970) , two conditions must hold for personal beliefs to impact behavior. First, an individual must believe that her actions have consequences for another person's welfare.
Second, she must feel some control over her actions and their consequences.
Environmental concerns and its influence on PEB is another area of interest for socialpsychologists. Dunlap and Van Liere (1978) developed the New Environmental Paradigm (NEP) scale, which has been widely used to measure environmental attitudes, beliefs, and values, but also to predict self-reported and actual PEB (e.g., see Ebreo, Hershey, and Vining, 1999; Schultz and Oskamp, 1996; Stern, Dietz, and Guagnano, 1995) . The NEP was updated in 2000 and renamed the New Ecological Paradigm Scale. Chung and Poon (2001) use the NEP in a comparison of recycling attitudes in rural and urban China.
To bridge this disciplinary divide between environmental economists and psychologists, a few researchers have proposed to combine internal and external variables in order to understand PEB and develop more effective environmental policies. Van Liere and Dunlap (1980) argue that a better understanding of environmental concerns and their relationship to PEB will require an integrated approach that combines socio-psychological and socio-economic 8 characteristics. Guagnano, Stern, and Dietz (1995) develop an "A-B-C" model of behavior that combines attitudes and external conditions to predict behavior (in this case, household recycling). The integration of psychology and economics is also emphasized by Clark, Kotchen, and Moore (2003) , who study participation in a green electricity program. They combine internal influences based on Schwartz's norm-activation model and the New Ecological Paradigm with socio-economic and demographic characteristics and find both internal and external factors to be statistically significant.
Previous research on financing options for recycling programs also provides valuable background information for this paper. Recycling rates for conventional household recyclables (e.g. newspaper, plastics, aluminum, and glass) grew dramatically during the 1990s and researchers began to pay increased attention to the economics of recycling. Folz (1999) identifies several criteria that influence the economic viability of household recycling programs:
successful programs rely on high participation levels which can be achieved through improving recycling convenience, establishing "recycling goals," assigning neighborhood leaders to encourage participation, and improving public education.
Jordi ( Individual ARF rates will be reviewed in 2006 (SWICO, 2005) .
A few studies also examine willingness to pay for household recycling (see, e.g., Blaine, Lichtkoppler, Jones, & Zondag, 2005; Caplan, Grijalva, & Jakus, 2002; Lake, Bateman, & Parfitt, 1996) ). Blaine et al. (2005) find that while a majority of respondents are willing to pay for curbside recycling, support does not reach the "break-even" level to finance the program. Caplan et al. (2002) use contingent ranking to estimate willingness to pay for curbside recycling in Ogden, UT. Two-thirds of respondents supported expansion of curbside services although men, residents older than 45 years, and long-time residents were more likely to prefer a "garbage-only" service as opposed to recycling. Curbside recycling is also the focus for Lake et al.'s (1996) study. Similar to the previous studies mentioned, a majority of respondents support paying for curbside recycling. Interestingly, although socio-economic characteristics influence people's decision to pay, there were not as important for determining the level of payment.
Although this condition is often overlooked, the availability of end markets is an essential condition for the economic viability of a recycling program. Recycling is costly and material revenues rarely exceed program expenses (Folz, 1999) . This is of particular concern for e-waste.
After examining various e-waste recycling options Dillon (1994) argues that, while extended producer responsibility programs can help develop the recycling infrastructure, it may not be cost-effective to recycle all consumer electronics; according to the CIWMB (2004), for example, cathode ray tube (CRT) recycling costs greatly exceed their current commodity value.
Another concern is the additional cost associated with residential e-waste recycling programs compared to business e-waste recycling. Compared to the commercial sector, it is significantly more expensive to collect and transport e-waste from residences (CIWMB, 2004) .
Based on the insights provided by previous research in both economics and psychology, we combine standard socio-economic and demographic characteristics with variables that capture environmental attitudes and beliefs to model Californian's willingness to pay an advanced recycling fee for consumer electronics.
SURVEY INSTRUMENT AND DATA
Data for this study were collected through a mail survey administered between January and April 2004 to 3,000 randomly selected California households. We stratified our sample by county in order to better capture the diversity of the state's population. Our sample includes 500 households in each of six counties (three northern counties: Alameda, Contra Costa (both urban)
and Mono (rural); and three southern counties: Orange and San Diego (both urban), and Kern (rural)). Household addresses were bought from a commercial database (Fox's Data Services).
At the time of the survey, California had just passed the Electronic Waste Recycling Act of 2003, but it had not been implemented.
Our survey instrument was designed to capture consumer preferences for e-waste recycling options, to inquire about e-waste recycling financing preferences, and to quantify the total amount of e-waste currently stored by California households. In addition to asking respondents about their willingness to pay advanced recycling fees for consumer electronics, we also asked about willingness to pay higher retail prices for environmentally friendly desktop computers and cell phones that would not be subject to any disposal regulations. We also collect socio-economic data on our respondents and information to develop a better understanding of general environmental attitudes and beliefs. More details about our survey instrument are available in Saphores et al. (2006) .
For our purposes, a mail survey offered several key advantages. First, it allowed us to contact a widely dispersed population at a lower cost than in-person or telephone interviews and it eliminated interviewer bias. Second, we could present detailed scenarios, ask longer questions, and give respondents time to provide thoughtful answers. Disadvantages with mail surveys, however, include low response rates as well as strong literacy skills required by respondents, both of which could introduce bias in the sample. To increase response rates, we followed Alreck and Settle (1995) and Fowler Jr. (1993) : all households received a follow-up reminder postcard two weeks after mailing the initial survey package. This was followed by another mailing of a complete survey package to non-respondents shortly thereafter. To ensure questionnaire clarity and comprehension, we conducted a pretest on a small sample of potential respondents and used this information to improve survey instructions, question wording, and overall design.
From the original 3,000 household sample, 357 completed surveys were returned.
Taking into account that 132 addresses were invalid, this represents a 12.4% response rate, which is at the low end of response rates for general population mail surveys (Alreck and Settle, 1995) . 6 Our survey was rather long (12 pages), it was administered only in English due to a limited budget, and we did not target a specific group or location which may have had a personal interest in responding to the survey so this result is not unexpected. Non-response bias can be a particular concern for mail surveys (Fowler Jr., 1993) , so we used contingency table analysis to compare our sample respondents' characteristics to 2000 Census data in order to identify some potential sample biases. In general, our respondents are older, better educated, and are more 12 likely to live in and own a single-family house; they also have a higher income, and they are less ethnically diverse. Given these differences, care needs to be taken when generalizing from our results to the California population. Our survey results are discussed more in-depth in Saphores et al. (2006) .
MODELING HOUSEHOLDS' WILLINGNESS TO PAY AN ARF
Our survey respondents were given four options to indicate their willingness to pay an advanced recycling fee (ARF) when buying new electronics: 1) Not willing to pay an ARF; 2) Willing to pay a 1% ARF; 3) Willing to pay a 5% ARF; and 4) Willing to pay a 10% ARF. Very few respondents chose a 10% ARF so we combined the 5% and 10% categories. Respondents were told that the fee would be used to finance e-waste recycling in California and would be based on the retail price of the product. Just over half of respondents indicate a willingness to pay an ARF of 1%; the others are fairly equally divided between not willing to pay and willing to pay a 5% ARF. Our range of categories is consistent with previous research that suggests consumers are willing to pay up to 10% extra for environmentally friendly products (De Pelsmacker et al., 2005; Harris et al., 2000) .
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For consistency with the microeconomics of discrete choices, we assume that respondents maximize an unobserved utility function when selecting among these alternatives (Train, 2003) .
This utility function depends both on the attributes of the specific alternatives and on unique characteristics of the respondent. More specifically, we decompose the unobserved utility y* of 13 respondent i (i=1,…,N) into two parts: 1) a deterministic portion that depends on a vector of observations x i of explanatory variables and a vector β of unknown parameters; and 2) a random error component ε i that reflects the difference between true utility and what we actually observe (the ε i are identically and independently distributed.) This can be written:
The actual choice of category k by respondent i (i.e., y i =k) is then related to his utility * i y by:
with τ 0 = -∞<τ 1 < τ 2 <τ 3 = +∞; the τ i s are unknown thresholds that need to be jointly estimated with β. The probability of a given outcome is then given by (Long, 1997) Pr
where F(.) is the cumulative distribution function of the error term ε. Unlike correlation or contingency table analyses, this multivariate approach enables us to examine the joint impact of several explanatory variables on our dependent variable.
To estimate our model, we use an ordered logit, which assumes that the error term ε has a logistic distribution with a mean of 0 and a variance of π 2 /3. An advantage of this choice is the availability of extensive specification tests to assess the robustness of our results.
As a preliminary step, we sequentially regress each of them on the others and check that the corresponding R 2 is not too high to avoid problems linked to multicollinearity between our independent variables (Stewart, 1991) . After estimating our model, we add second and third order powers of our continuous variables to assess linearity (Hosmer and Lemeshow, 2000) , and experiment with interaction terms; we then check for their statistical significance using likelihood ratio (LR) tests. To test the parallel regression assumption (i.e., the slope of the 14 regression line does not vary across the different categories of our dependent variable), we use the Wald test proposed by Brant (1990) . Another possible specification error we examine is a link error. Here, we check whether a transformation of the dependent variable is required to properly link it to the independent variables (Pregibon, 1980) . Following Long and Freese (2005) , we also test for influential observations using Pregibon's Delta-Beta influential statistic, a counterpart to Cook's distance, which is commonly used in linear regression models.
To condense information on environmental attitudes and behaviors into a small number of factors, we perform a Principal Components Analysis (PCA) with varimax rotation. We use Bartlett's test for sphericity to check for the appropriate level of intercorrelation between our variables. Intercorrelations need to be high enough to limit the number of factors, but not too high to avoid multicollinearity (we rely on the Kaiser-Meyer-Olkin (KMO) statistic to detect this problem.) Finally, we use Cronbach's alpha to measure the reliability of our factors.
RESULTS

Principal Components Analysis
We develop two factors, normalized between 0 and 1, to summarize answers to ten survey questions on environmental activism and attitudes (see Table 1 ).
<Insert Table 1 approximately here>
The first factor (PC1) reflects personal involvement in environmental activities, with higher values indicating less support for the environment, so we create a neologism and call it "environmental inactivism." This factor is based on four survey questions with fairly high intercorrelations (Cronbach's alpha = 0.695), and it accounts for 80.1% of their variance.
The second factor (PC2) is based on six survey questions that ask respondents to rate environmental quality at the local, state, and national levels; to prioritize the environment over the economy; and to assess the adequacy of current spending on environmental protection. A higher value for PC2 indicates a belief that environmental quality has improved in recent years and a tendency to prioritize economic over environmental concerns, hence its name "Environmental quality & economic priorities." This factor accounts for 29.2% of the variance between the original variables (Cronbach's alpha = 0.782).
Willingness to Pay an Advanced Recycling Fee
We insert the two factors described above along with a number of demographic and socioeconomic variables (see Table 2 for descriptive statistics) in an ordered logit model that explains our respondents' willingness to pay an ARF, and we estimate this model using Stata. We find that our respondents tend not to be actively involved with environmental organizations and activities (PC1 = 0.77) and they fall somewhat in the middle when it comes to prioritizing environmental quality versus economic growth (PC2 = 0.44). Interestingly, respondents have high mean values for their expectation that both government and business play a major role in protecting the environment (0.79 and 0.81, respectively). This suggests that these institutions could do a better job and need to take on greater responsibilities. Approximately one-third of respondents live in rural communities which is consistent with our survey stratification methodology in which one-third of the counties surveyed were predominantly rural. Almost all of our respondents are college-educated with household incomes greater than $40,000. This is not unexpected since our surveyed counties include some of the highest income areas of the state.
<Insert Table 2 approximately here> A check for multicollinearity between our independent variables reveals no problems. We fail to reject the parallel regression assumption, and likelihood ratio (LR) tests do not yield any significant polynomial contrasts, but several interaction terms turn out to play important roles. A link test indicates that the relationship between the dependent and independent variables is not inappropriate. Pregibon's Delta-Beta influence statistic suggests examining seven observations more in-depth, so we estimate our model again without these observations and re-run a full set of specification tests. The least significant variable in our model, role of business in protecting the environment, becomes non-significant at the 10% level, but the coefficients of the other independent variables do not change significantly. As a result, we opt to keep our original model presented in Table 3 . Other variables considered include gender, ethnicity, and political affiliation but they are not statistically significant. The non-significance of gender contrasts with consistent findings in the environmental psychology literature (see, e.g., Brown, 2003; Lockie, Lyons, Lawrence, & Grice, 2004; Loureiro & Hine, 2002; Steel, 1996) and even our own analysis of people's willingness to recycle e-waste at drop-off centers based on the same survey (see Saphores et al., 2006) . However, the literature reports mixed results on this issue (see, e.g., Chung & Poon, 1996; Montgomery & Helvoigt, 2006) , so it clearly warrants more research.
<Insert Table 3 approximately here>
Sensitivity analysis
Interpreting ordered models is somewhat more involved than interpreting linear regressions. To examine the impact of our two factors (PC1 and PC2), we follow Long (1997) and plot the predicted probabilities of being in any of the three categories characterizing willingness to pay an 17 ARF as a function of each factor. After analyzing the likely preferences of a baseline respondent characterized by mean values of our independent variables, we change one binary variable at a time, holding other variables at their baseline values. Our baseline respondent is over 35 years old, college-educated, enjoys an annual household income in excess of $40,000, and lives in a suburban or in an urban community less than 5 miles from the nearest drop-off recycling center.
The base respondent scores 0.77 on PC1, 0.44 on PC2, and believes that both business and government have a major role to play in protecting the environment.
Continuous variables
Figure 1 graphs the predicted probability that a respondent is willing to pay a 5% ARF as a function of PC1. We begin with our baseline respondent and systematically change each of our binary variables from their baseline value to their alternate value, holding all other variables constant, and plot the change in predicted probabilities. We observe that predicted probabilities decrease over the whole range of PC1 (from a baseline high of 20.7% to a baseline low of 12.5%); as expected, a higher level of environmental activism corresponds to a higher willingness to pay for environmental issues.
<Insert Figure 1 approximately here> Our baseline respondent is over 35 years old. When we change this category to 18 to 35 year old respondents, holding all other variables constant, we see that young adults are consistently more willing than our baseline person to support a 5% ARF. We know that this age group tends to be a major consumer of electronics products (Mintel USA, 2005) , so our results suggest they may be more receptive to the environmental consequences of e-waste mismanagement.
Respondents who indicate that business does not play a major role in protecting the environment ("no business role") are also more likely to support a 5% ARF, holding all other variables at the baseline. These respondents may feel that the responsibility for recycling lies with other institutions, such as government, and that taxation (in the form of ARF) is an adequate way of financing recycling.
We suggest two possible reasons for rural respondents' higher interest in a 5% ARF.
First, rural communities do not enjoy economies of scale for recycling and they are increasingly vulnerable to illegal dumping (CIWMB, 2004) ; rural residents also need to drive further to dropoff recyclables. Since the stated purpose of an ARF in our survey is to increase opportunities for e-waste recycling, rural respondents may be willing to boost recycling convenience in their communities. Second, these results may reflect the presence in our stratified random sample of Mono County, which has a long history of environmental activism.
Figure 1 also shows that respondents living more than five miles from the nearest recycling facility have consistently lower predicted probabilities than our baseline. This may seem surprising since they may benefit from additional recycling centers. Their lack of interest, however, may simply reflect NIMBYism: they just don't want a recycling facility in their backyard. Their possible lack of experience with recycling may also motivate them to refuse funding an activity they believe they will not engage in.
Income enters our model through an interaction with a binary variable that indicates whether or not the government has an important role to play in environmental protection (not shown on Figure 1 ; predicted probabilities are very similar to "rural"). Surprisingly, households earning less than $40,000 annually are more likely to support a 5% ARF, holding all other variable constant. A possible explanation is the higher likelihood of lower income households to 19 indicate that their local environmental quality is "poor" or "fair," so they may be willing to pay more to protect or improve the environment (for details, see Saphores et al., 2006) .
Respondents' attitudes toward the role of government also come into play through an interaction with PC1: indicating that government does not play a major role in protecting the environment leads to a lower willingness to pay a 5% ARF. Someone who believes that recycling is best left to individuals or businesses may reject an ARF as an unwanted tax.
The other variable that intervenes through interactions, both with PC1 and PC2, is the level of education ("No college"). From Figure 1 , we see that respondents with no college education are more likely than our baseline to support a 5% ARF at high levels of environmental activism. But as their level of involvement decreases, the reverse becomes true. to pay an ARF. PC2 intervenes in our model only through its interaction with "college"; this interaction disappears when we change its baseline value (which equals one), so "college" does not appear on Figure 3 .
<Insert Figure 3 approximately here> First, we observe that most probabilities of Figure 3 range between 30% and 60%, so our respondents are generally willing to support at least a 1% ARF. At low values of PC2, younger adults, rural residents, lower income households (not shown but similar to rural ones), and those stating that business does not play a major role in environmental protection are less likely than our baseline to support a 1% ARF (because they are more likely to support a 5% ARF). When PC2 is high enough (i.e., when respondents believe the environment is doing well or the economy should have priority), however, they are more likely to support a 1% ARF.
Conversely, respondents living more than five miles from the nearest drop-off recycling facility or who see a limited role in environmental protection for the government (not shown) tend to support a 1% ARF for low values of PC2; as it increases, they increasingly oppose an ARF. The rest of our sensitivity analysis supports the same conclusions, so it is omitted.
Discrete variables
To examine the specific influence of our binary dependent variables on a respondent's probable level of support for ARFs to finance e-waste recycling, we examine discrete changes by switching the value of one binary variable at a time while holding all the others at their baseline value (Long, 1997) . Our results are summarized in Table 4. <Insert Table 4 approximately here> Our baseline respondent's highest predicted probability is for a 1% ARF (64.8%), which 21
shows support for a modest ARF for electronics recycling. Not unexpectedly, we find that young adults are far more likely to support a 5% ARF than our baseline respondent (+21.9%).
Others more likely to support a 5% ARF include rural residents (+10.9%), respondents who believe business does not play a major role in protecting the environment (+7.4%), and lower income households (+10.1%). Respondents more likely to support no ARF include those living more than five miles from the nearest recycling facility (+9.8%) and those who believe government does not play an important role in protecting the environment (+11.6%). Holding all other variables constant, the net effect of no college experience increases the probability of supporting no ARF at all by 15.1%. However, as shown in Figures 1 and 2 , support for ARFs depends on the interaction between college and our factors. The predicted probabilities for being in any one of the three categories depend both on the level of education and on a respondent's attitudes toward the environment.
POLICY CONSIDERATIONS AND CONCLUSIONS
Policies to address e-waste management are currently being debated by many states, counties, and cities all around the nation (Council of State Governments, 2006) . This paper contributes to this debate by analyzing the combined role of both internal and external variables to explain household support for an ARF for e-waste. By contrast, most of the published research on recycling focuses either on internal or on external variables, and we found no paper that focused specifically on how to finance e-waste recycling.
First, our findings underscore the importance of educational programs that address the environmental impacts of improper e-waste management, a point already made in the literature (Chan, 1998; Sharma, 2004) . Indeed, one-quarter of our survey respondents did not know that consumer electronics contain toxic materials and more than half were unaware of the landfill ban on CRTs in California. Public information campaigns could increase awareness of relevant laws and of adverse environmental consequences of improperly disposing of e-waste, which may increase support for ARFs. In order to maximize their impact, education programs should target middle-aged and older adults, as well as wealthier households, as these groups were less likely in our survey to indicate support for ARFs. Education, or simply providing objective information, also plays a role in shaping people's attitudes towards the environment, which according to our results, have a statistically significant impact on their level of support for an ARF.
Opinions about the role different organizations and institutions should play in protecting the environment appear to impact people's stated support for ARFs. To span this ideological divide and make e-waste recycling more acceptable, it may therefore be useful to implement ARF programs as public-private partnerships. This approach has proven effective in increasing used oil recycling rates in Canada (e.g., see Nixon and Saphores, 2001 ).
Our research also suggests that proximity to an existing recycling center influences support for advanced recycling fees. Individuals living more than five miles from the nearest facility are less likely to support ARFs designed to expand the recycling infrastructure. While this may be due to a lack of familiarity with recycling, the role of NIMBYism cannot be discounted. As a result, it may be more palatable politically to initially use ARFs to improve the recycling infrastructure in areas where facilities already exists.
Our survey results indicate that a majority of California households seems willing to support a modest ARF (1%) for consumer electronics, which is comparable to current ARF rates in California, so California households seem to be supportive of the current state policy.
Unfortunately, a 1% ARF is insufficient to cover the current recycling cost for a CRT (which 23 varies depending on its weight according to the CIWMB). 8 To deal with this problem, one possibility would be to expand the ARF program to business and institutional purchases, in addition to consumer retail sales, in order to take advantage of economies of scale. Research in the State of Washington (Cascadia Consulting Group, 2005) indicates that ARFs on computers, monitors, and televisions ranging from $6-10 (which roughly corresponds to a 1% ARF) would be appropriate if business purchases were included in the program. However, this does not account for the funds needed to deal with the accumulated e-waste stored by households.
General tax money may be necessary to process the accumulated e-waste stockpile before a steady state can be reached.
Moreover, it is important to note that ARFs should ideally be established based on the average weight and ease of recycling of a class of electronics products, rather than as a percentage of retail cost. Although price and recycling cost are correlated (for example, larger televisions are typically more expensive to purchase and recycle), this is not always the case (some very compact and expensive electronics products could be easy to recycle). For our survey, we chose a percentage-based ARF in order to get an indication of willingness to support
ARFs for a wide range of consumer electronics products because asking households' preferences for detailed recycling fee schedules would have been overly complex. In practice, when setting ARF rates, policymakers should also account for estimated sales revenue, program and recycling costs, as well as estimated recovery rates (Cascadia Consulting Group, 2005) .
Finally, a word of caution: our results should be extrapolated with care to the whole state due to specific biases in our sample so they should be confirmed by additional research.
The growing volume of e-waste is an increasing concern in today's technology-driven society. Securing appropriate financial resources is essential to develop the recycling infrastructure and to ensure the sustainability of recycling. Advanced recycling fees are only one possible solution, but their effective implementation requires an understanding of consumer willingness to support such programs. Bartlett's test of sphericity checks whether the correlation matrix of the variables differs significantly from the identity matrix; if not, the factor model is inappropriate. (Long, 1997) . Our model is best at predicting the 1% ARF category (123 correct observations out of 141), but it is clearly not very good at predicting the 0% ARF (21 correct out of 62) or the 5% ARF (only 14 correct out of 55 observations). To generate the results above, we change discrete variables one at a time while holding the others at their baseline value (underlined and in italics in the left-most column). Baseline probabilities are calculated for our baseline respondent, who is over 35 years old, college-educated, with an annual household income greater than $40,000, and lives in a suburban or an urban community less than 5 miles from the nearest drop-off recycling center. Our baseline respondent scores 0.77 on PC1, 0.44 on PC2, and believes that both business and government have a major role to play in protecting the environment. Note: PC2 reflects personal attitudes toward current environmental quality; a higher value for PC2 indicates a general belief that environmental quality has improved in recent years and a tendency to prioritize economic over environmental concerns; PC2 is also normalized to be between 0 and 1.
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